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^Jl^ 7l#^ ^o\] rc^ jl^s}. ^-g- ^tb SiGe ^ ul-ol^^- h 

^ 7flAl^cf. rt-v$d\] uj-H^, SiGe HBT^l tf\o} + , , 5L5L 

^3^1 £.3^ nfl-g-ofl ^-^^ E^^^ E -]o] £ 7 )q ^^(variation)^r ^7] ^ 

n *}7}^^9l "E-^^-S. BiCMOSl- A2i^. ^r^Ml 

7>1- ^Jl, *fl^ *2 7fl^*H <£aVsH a^^tf. ZL^Jl, ^<s} 

£ 7 
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^>7l^^-ir °l-§-tr ti>o]^l2.^ ^ 2: "J-^ {Method for manufacturing self-aligned 
BiCMOS} 

E 1^ ^ ^*HH <4€- H r °l*l3-^(BiCM0S) ^12^ ^ ^£^1 

£ 2^ 5L 1°\ o]o]X] SiGe aflo]^^ Jf ^ bh a] ofl *r 

£ 3^: £ 2^ ojo^, o^B] oVofl dn] #5^5}-?- sflBj^ ^^^> 

£ 4^ S. 3^ ^^^(extrinsic base)* ^l^^o.^ 

£ 6£r 5- 5^ ^TlH °1<>M, oflujEl <£o_S. €^ 

(SIC)* *8^S}aI ^Z)^B-$r 2flE^§>^ ^11- £Al*Vcf. 

4. 
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100...aV£*ll 71^: 104... nfl^- 

106... ^B)^ U2...*\iL^tf ^ 

114...7l]olH AV^n^- H6...7flolH iLJL #5^3^- 

118...SiGe «1H^# 120... ^11 *Vs\-^ 

122. ..^s)-^- 124. . .*fl2 ^rS}-^- 

126. . .-^e^e]^ 128. . .^]3 ^S)-^ 

130...oflnlE^ 132... cH ^fl^ 

134a. . .cH ^*\}o]*] 136... £\<&^ «!Hi 

138...°H°]Bi 144...7flolH 

146, 148, 150. . .^H^ 152. . .^2.^/^3] <?1 

154. . .^e)A>olc 

^ wT-o]^^ B^l^EKhetero junction bipolar transistor : 
HBT) ^lS^^ofl ^ ilcf ^*H3 HBT^f complementary metal 

oxide semiconductor : CMOS) H^l^el ^flS^^-i- -g-tr^r wH*l5L^(BiCM0S) ^l^:^ 
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sjsli oicf. 2)e<>ll^ -2L^4 H^^l^Bi ^Hl SiGe HBT« ^-g-^ji 

SiGe HBT7> «>°1#^ cf^- ^Hi-i- SiGe <M^il 

f^-S. 3WtJ.. SiGe^r SiiLt} <*flu|*l ^JE^o] ^7] nfl^-ofl ojf aflo^^. 

^■£1 7^}3*1 &Jl, «1H^ ^Vo} ^o>^}h.S figure 

of noise)!: ^ ™^ d rM^ *^-€ < a-3E. ^i=l7) nfl-g-ofl ^^^^-7> 7>^ 

*}tK 3=*, SiGe vfl^ Ge ig.^ 2:^*H f T (^°l T^Hr) ^ f M Ax(^ c H ^ 

^*r)« #7>a]^ ^ oicf. nJ-sM, SiGe HBT^r f T ^ f^} 50GHz JL^z\- 
^ ^7>S ^]-g- 4l7>M- pll ^f-°fl ^e) 4i<>l jl 9X^. 

<22> o}e^ HBT^ CMOS S€^l^<4 <H BiCMOS ^7>S. A>-§-^cf. <^tiV^ 

o.^' ^B^-BiCMOS-^r 7]% A oHl CMOS B€^l^^^ B.^}^]7\ -§-^- 

^ ;*liL^ BiCMOS 7l#£- wH#e* H 31*1 ^3 tfl^l SiGe HBT« *>-8-*|-fe 

4. SiGeiLS. ^ «lH^r ^Szl ^lJl^ell- ^ HBT» 
CMOS B^liElr ^IJL^el £ cfloiE) ^olcf. 

<23> ojsq- ^ SiGe HBT^r 7)^9] m-V^ ^tt «KE*l]sq- ^<^*V ^.oI^a^ 

7l^ ^-g-^-ofl t4s} "^1^ ^ ^(system on chip)"* 7pg-?fl ^S.^ -§--§->£ 

°1 ^7}S)JL 9X^. 

<24> neiM- 31^4 ^M^l 7V^*V SiGe HBT ^ 7^ *Jb]^ ^£^1 -^-§- 3 
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4^1, ^^6\] ^ e^|a E ^ ^(variation)-!: ^iS -fr^l 

«5}7l ^l^H ^-^O] J^SjjI olt}-. ^ ^>7l^^ CMOS 

<>H (outer spacer)* <>1 -§-^r^°-M- °1<4 ^-o] ^l^s>^ B^liE^ ^3 

°1 ^7>*>o^ ^517} ^Oj-^TIM- EH ^0^7} ^^51<>] ^^Al ^cflAl 

l-B^Bl^t- ^sM^ 4 s ^tt HiPOXCHigh Pressure Oxidation)^- °l-g-* r ^ ofl 
v]B\-»\)o}^7} ^-g- wj-^ol ^l<?>£l^cf. ZL&)i-f HiPOX ^-f 5^E]# 

[^o] ol=jL7> ^ 71^^ 4^11 

SiGe HBT» 4 s tr *>7l ^ 1 BiCMOS ^lS« 0 v ^* *f|'**rfe 53 

#7ltr ^3 4^11- ^*>7] fl*H, £ BiCMOS ^fl^^H 
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B S ^^^/^efl^l-^S M0S7V H#€ *I12 $H 711 o]e 7fl°lH 

^ ^V^o.s ^tB}. #7l *fll °fl^l^7l- 

TllolB iLJL S^^^^r 7]lolE Aj-^nKg. z^-f- _0 S *| ic#A) ^ cj~g- SiGe 

wfl°l^## ^#W. ^-7] siGe *1H^# 5]s. ^^m}6]} o^o]^ x}o] 7 } 

31, #71 ^SM^tf. #71 *fll <g«^HH ^-71 #3^, #el^£l^ 

^ ^<3^-& # °H*1^ ^^*V ^, #71 oil D l 3 ^1 

cH #el^em #7l #S^-^ A)?]^ 4-§-, #7l 

- ol^-og D }A ai ol-g-^V ol^og o. AZ^\cq SiGe °11 u]b]^o)] $]o)^ 

«H°l^(extrinsic base)* ll^tB}. #7] ^slHAi, t^nl #e)^5l^ 1r 

o. o>o.^ ol^ol^. ^Alf-o.S.M| Aj. 7 l 7)^- o>o]l ^Efl^ ol^og^ ^ eJ j^ 
(selective ion implanted collector : SIC)* #7l <HHb1 <£M1 ^> 

#71 AlZ|*V ^ ^l^lEi l-5l^Sl^ #^>ZL ^flE^M °ll u l E-i -fi" 

^th=k 31 #7] AM °§ #71 SiGe Wflol^^g; 3lflE^5:>^ Hfl ^ 

^t\jL, o)Q ^aHI # 7 ] ^12 ^^ofl^i #7l SiGe till °1 711 olH #el^sl^ 

# *flB]^*H TlHH-I- #71 oflnlEi, Hllol^ 7llolH5l ^^olA-l 

^- ^<J] ^-^321- C-ll-Ol ZLS1 Cf^ ^ A]fl*V S.^ 0. ( T^x-flA-lol 7I T-fl ^ 

^ i^oil 2i*><^ ^°lcf. 
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d V3H*l 4 v #*Rr ^Aiofls. ^l«fl ^sM^lfe y ASLsL n^s\o]z\*]^ <&&t\.. # 

*>7l ^«flAi ^Ojcf. £Tg ^^t!" ^IS JGLdl*r 

Ait ^HW. ZE*h %■ Stt av^^l 7]#£| »Aj-»ofl %t\^5L 7]^ 

^ ^71 Cf^ # J£^r «VE*fl 71^1 ^ ^*fl« *T ^, 

<3i> £ ! tfl^ £ 7^ TgJ-^o] ^Ajdfl^- ^^*>7l 2|- 

^ SiGe HBT BiCMOS ^^H^-. °1» fltb ^^Htt , ^^Ei-nflol^ 

# ^^*>7fl *fl^r ^ Slsm- ^^AS ^I«8*H f SIC3 & 

°fl aflol^-^^jE^V 7fl^^ o. ^olcf. fMAX » ±to]7]^ 7fl ^^ 

<33> ^ £ 1^- ^-S^, P-^ 5L^Rr #5.$) 7)^(100), <^1* , 

P-^ 71^ ^tij^cf. o]^ p-^^ 7l^r( 100)^1 P+^S] ^#-8: ^ 

P+ ^^(102)* HBT ^ «H ^ Jf^-ol 7 fl« 0 >^ n}A 3f a>-§-^> 

Jl c^jlofl Hl^(As)M- <y(P)4 ^ N+^^l ^<g*H, nfl^ ^eJ]Ei^(104, 

N-BD-g- Wi&x*. zl ^<H1 3^ 71^" ^^"(APCVD) y c v ^ €^^1^(106)* ofl 
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sk>* *i ?i # , it 3«iih#(io4).2.3.-»mi ^£#01 ski-sh N _ 

<8 ofl^^#ol sjcf. a^H ^^£1- sM*}-fe (-)ir Ji* 10 16 /cm 3 ^ icll- 
*}3L, ^H^Kr (+)^r UL^- lO^/cm 3 ^ 3*1 *Rr 3^ *Vrf. 

4"§-, ^^B^(106)ofl^ ol^o^ fcL^-o] ti> £ ^ 71^(100) #«*H 

ih^el^-, ofl^tfl PSTCPoly Silicon Filled Deep Trench) (108) 4 
STKShallow Trench Isolat ion)(110)^8: ^tH=f. H^^l^B^ #7} 

^^Rr ^^£^(106) ^ ^ofl 

7fl«J-^ P>>13# A>-g-^>Jl o^jofl oj^-oi^ ^a^H 

N+ ^y.^ajEi SEJj (112 )^- 

£ 2°1H<4 ^o] ( CMOS ^ ^1 N HOlJEADii)- p H(113)^ *g^*V ^-S- 
^1 ^ ^2fl^Bl(MIM, MIS 5E^r De-coupling 7^^) *§>£tr^. CMOS 

eItt °1 ^Hl ^ v "£3}^ ojir cflS., N M0S H^^liE^ p ^ MOS H^l^Ei 
7 r -g- ^WH^ N MOS H^^l^EiSl 7$ 

5L^1 ji id^H^, £^-§- S^r^ P *m MOS H^fl^l^Eil- ^ 

^ %U, ZL CMOS -§-01^1 ^ 01^- ^Jojcf. 

t}-g-i>-sL ( 7] #(100) ^ofl 7l]olH ^>5l-5V(114)* ^tH}. ;HHb 

^(114)^ <^^, A>5|-nV ) ElEBf iH^llT ^Sf^, *>H^" ^S}-^ ^ 

£ ^# ^-2]-^ ^^^V^^, #51*11 71^(100)* ^SpO^ ^E]€" ^2}- 

2r^- ^zf, SACVD, ^ <y- $m 7}^ f^(LPCVD) 5Efe l-s|-^> oj 7 > '3^ 7)^ # 

^-(PECVD)o] ol-g-^ ^ olcf. o]o^, TllolH a>5)-^(114) g}=£- TllolB JjLJl #E) 
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^^€•^-(116)* S-S^th LPCVDS. 500°C 700°C^ ^rS^H 

<37> HBT <Hl *1 Hi ^1 Sfl^sl^r TflolB II #e^&|^(116)# ^1^*V 

^, n ^Bfl^l t#€ TflolB ^^-(114)# ^ M]^<LS. ^ ^l^AS. 

^s}-^ *fl7l^ ^ ^B^i HF $m<* SE^ BOECBuffered Oxide Et chant 

91^. W, €^^#(106) ^ofl SiGe »lH^#(118)-8: ofls]^ 

^3Kh=K SiGe tifloli#(118)^ ^^1^ ^ olAj^s 2^V€ ^ 
5^4. o] nfl, 2*>€ -SL^ol^- Si i^L^ ^ Ge 

^ *1# ^ 5L^§ ^*Kr ?ASr 21^1^. 

SiGe wlM^#(118)£- Ge^l ^<=>1 5% olxfls. ^^^V^o) ^ji, Tfl^l^ 
(C)^- ^ri(O)^ <#o] ^o]o^ ^ £ 3§ ^.5.3. ^^-§1 2:^^>c^o]: ^-t}. SiGe 
h!M^#(118)* *lHl£r 1-^#^>1 5.^5^1 Sif-g- ^^*V ^ 

°11 SiGe^, -gr^l^l 5L^§€ SiGe## *HliiL ^*Rr w>l^W. 
<38> SiGe alH^#(118) ^S. *fll -y-5KKl20), ^^(122), *\}2 ^5^(124) 

5^^(126) -a- ^^W. zl flofl PECVDS ^13 ^5l-^-(128)# ¥^31 ^3j-*>ji, s)-*)- 

Q ]7\ 9X$r ^^^r ^L*mSLsL ^^°\] ^ ej-^ofl ^(attack)* ^1 & 

<39> s. 3 f #i£*>o^ _ *fl 3 AVs|-B]-(128) ( ^3 43 3 ^-(126), *fl2 ^lt 

HBT <8*H olHEi ^£-£-(130)1- -2-^4. °fl D l^ €^-f(130) ^3. 
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tfv] #e^e^-§- 3s CMP ^SM^ ^13 #3^(128)3 

n tl-cf. °l$7fl S}<*| <HMe1 ^£.-f(l30) <?H #e}^e]^ 3fl^(l32)ol 

, C}ti] ^^3. 3^^(132) flS. ^5l-5Vom. Sio. A>5j-^2)-nl- = o. o^j ^ 

*l, t-M #3^3^ 5^^(132)31 ^^ofl c)nl i5flolA-1(i34a)» SiGe «1M 

^(118H1 *H ^^(132)4 c-jol :MM*l(134a)* oj 

3. ^(intrinsic) «1H^ ^ (parasitic) *\}°]^ *1^M 3h£.£|<H 



£ 5°1H<4 ^o], dn] i^olAi(i34a)€- ^ ^o.jl all 7^ cf-g-, 

tin] l-e^e^ sfl ^(132)4 1-^^^^(126)# ^7]^. *112 #3^(124) 

■i- *H <^H^ ^£^-(130) <>H1 ^o>oi^ ^S]-*V(122)* ^cf. 

<>1Hb] #£-$-(130) ol^oj-g- ^a!^ SIC* ^ 

^H^, *fl2 124)2}- ^S|-BV(122)^- v}^E13- *H ^W^^CLS. oj^o^}.^ 

3-, D ti ^*<HH^ SIC ^ &<^1 Hflol^-^BJJE^ afl^* ^ 
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7fl^r*M £ 6# %2i*}t&, ^£-f(130) °HM *fll ^SKKl20)* 

^ SiGe wflol^(118)# 2t#>M?!4. ^ofl ofl u) #sl^s]^(l38)# ^^>Jl, ^ 
*r H o v *l ^"(anti-reflection layer)(140)-tr nf-g-, 6\)u]&\ ^^^4. ^1 

1-5^5^(138)01 ^-X|ofl l-^l-ol ^sItt °J*1^ wJ-aio.^ ^Jo] 

<£, °l£r^°J ^ o_ ^Aj^l ^TO>£ ^Cf. Ziei Cf#, oflDjE^ #5|^Sls(138)3f € 
3KKl22)-ir ^H^i 3.<$SLS. ^51^4. 

i 7°fl*|sq- ^-ol, HBT ^ ^ ofl SiGe «lH^fK 118)4 II 
1-^^51^^(114)^: ^ E^*r^ UIM^S ^^>J1 ( s}. j^aH C M0S ^ ^ ^1 ^ SiGe 
«lHi#(118)4 TflolH II 1^^5l^°Hll4)# ^5]^^>^ TIME (144)1- ^^tbcf. 

^sKGPox) ^% ^1 *>4. ^ o^-^^i ^ ^o], ^xy^ ^ 

oflAi igAgQ HH^S}- ol^ ^1^711- *fl7m ^ £UL, TflolH #5|-^-( 112)^1 

413^ ^Hl£ S-g-o] ^tf. Afl^>Sl- ^Al*V ^, ofl^El 151^ el ^-(138), s>) 

Bfloli(i36) ^ 7l]olH(144)^ ^«H] ^51101^1(146, 148, 150) ^^4. 
^1°H(146, 148, 150) ^^^r g Its};*! ^sf ^-ol, ^S)-ni- j Aj-sj.^- ^ xy^^ 
^ ^ ^1^1^^ ^I^^^r. 

D }A af A>-g-tr °l^°j^- CMOS °J^^1 ^r^/=ell9j(152)# 

7l^r 3^(153)£ ol^ojo.^ *g^t}-i=r. ^-8.^- $H] ^ 

5lA>olc ^.g. ^Sg^ 7>7l^l ^5)A>olc (salicide) ^^^7] ^ ^ ^ 1 

#SJ-*K 120)4 ^1°1B ^^-(112)^ 3^*1 <>ni*M=r. °1 ^ . ^]°H(146, 148, 
150)7> v}^^ A>-g-^ 5-14. ^ -¥-^«(«^l* ^ojAj uflol^(i36), A^w. 
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^^^^(112), 41^.^/^.^^1(152), 7llolE(i44) j 7m €-^(153) -2--&tt * 

ofl i^BBr, S^-B, q*fl *J5^H^( 154)1- ^^*Vcf. ^zr}jE.5L, 

<46> oj^Hl^ *>Afl*l #3j£- ^34 ^oi, a. g-igdj) oj-s BiCMOS afi^cHHH^ SIC4 

°1 ^^-SlJl ^H^l S^slcf. ^>7l^^ A>^>71 ^*fl A}-g-^ c]nl ^s)lo| 

*l*r ^7]*>7l nfl-g-ofl E^fl^^E^ ^o) ^7}^- <* 3] 7} HiPOX^ ^"ir ^> 

-g-S}*l ^PLS. iiHH ^ ^^l7> &t}. ^<*fl 

^ -S^^l ^ &°) 7>7l^l^ SiGe HBm ^^^^ BiCM0S# 

<47> o]Aj- ^.g. W>^*> ^X|afll- fo] ^]*>7fl ^^^-M", -g- ^"71 

^Al^jo]] ^5)^1 £ 7 1^^ Af^-o] ^ ^ofl^ ^ £.0)0^ ^ 

<48> oi^VoflA] 7H1§1 ^^t!" w)-^ ^o], ^. yv^ofl o)-s}T$ S iGe HBT# *§^*Hr 

2}- ^, ^3K^ ^tfl ^ ^7>A]^ ^ o1o^ ) 4l7>^ JI^S^ Jl^S}-^- 
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[$^* 1] 

?mK\ t yflol^ ^ oIlDlEiS. «H^E}- B^^e^, 7fl°lH ^ i_2-^/-EL 

^J^S ^€ ^lS-i(CMOS) H^l^ElS- i^-s>^ BiCMOS ^lS^^ofl ojc^A^ 
7l# 3H1 SiGe wflo]^^- o^em^ ^^-^ 
^7} SiGe «1H^ ^5. ^^M: *g^*Rr #31; 
^•71 ^<a^# ^l^H ^l^ i^Rr #31; 

^*Rr #31; 

#71 c-H #5]^e]^ sfl^^ ^#a!^1 c^, av 7 ] ^^ofl t-H 

* ^ ^ #31; 

* Aj- 7 ] SiGe ^HEif^l ^<y^ tifloli(extrinsic base)# ^*Rr #31; 
^-71 t^n] ^o^, tfu] ^El^E]-S sfl^ *fl7^ cf^-, oj^ ^ 

nv^. o)^-oi *H ^"71 ^n]Ei -QiE-r- #°-S oj^oj^- ^Aj^-o.^ #7] 

7m *H ^i^^ °1^^€ ^eKSIOI- ^*Rr #31; 

^71 ^-o> ol^ ^<a^# ^71 SiGe oflolBl^ Jp. oflnlEi #E) 

^e]^* sflB^^H ^H^l- ^*Rr #31; ^ 

^71 3l^lHfif 4iiL^/-eflo]# *g^*Rr #31# 5L^*Rr 3* ^^-S. 
BiCMOS ^lS^. 
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i^^ty 2] 

A 1 %H1 , #7l SiGe iHM^-g- nflofl^ ^-§-0] 

Si#-§: ^^*v o^ofl SiGe#, Ir^l-o] SiGe#-g- *}ejlsL ^#*H=r 

f^AS <5>^ BiCMOS ^S«o v ^. 
[^t 1 * 3] 

*)1 l &<>H, #7l *J<3^ ^ 7 fl^ ^ ^vo> ^a^vjl, ^#^^a- W 
7l 313 ^n>(CMP)S. ^sW?)^ 53 # SKr BiCMOS afl^tl . 

4] 

*H 1 *<H1 XH*!, #71 Cjnl #Sl^5l^ Sfl^ t§#*Hr 

#71 *i<g^ #71 ^r^^l *ll^Rr #e^e]^-fi- *§#*Hr 

#31; 5? 

#71 ^^sVol = nfl^l # 7 1 #Sl^^^^ ^ 71313 ^b^a^ 

#71 #51-?- *H1# #71 #el^Sl^# #7^ ^-7ll# i^5Rr ^ SL3. 

BiCMOS ^l^ y o v ^ . 
5] 

^B}, tiflol^ ^ oflnlEiS. «H#2l- S^^l^Bl7> *§S§m H)l 711 

°1H ^ iii/E^Jo S ^IS-^(CMOS) H 31*1^ 7} *fl2 <3^* S.^- 

BiCMOS ^l^^l SU^, 

(a) #71 *fll *fl2 <3<*j ^cHl TflolH #2K V 4 711 °1B. Jis #sl^sl€-^ 

^1-3^-5. ^#*Rr #7fl; 
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(b) #7l afll <^°1H °fl^^7l- 4^-51 TflolH ULJl S^^^€-^ 7lH 
B -UrS^-i- ^]4t^ 7l^# t}-g- SiGe ^H^f^ 1^)^ ^ #*Vb # 

31; 

(c) #7} SiGe «1M^ JHS. ^^^a]ofl ^o] 7 > 3<SWS: ^ 

(d) #7l afll ^7] ^ ^^^1- ^ 

*m #31; 

(e) #7l ^Sj-^ C^g-, #7l C^l sfl^o^ ^ofl ^ n] ^)o] 

*1» *i^Rr #31; 

(f) #7l t-H 5fl^3f Din] ^HAi-i. o]^^oi D ^ ai ol-g-tb °1 
^1*}<^ #7] SiGe ofl^l^l- ^S^Rr #31; 

(g) #71 cH i^H, cH #el^el^ afl^ Se^el^g- ^ ( 

7] ^^HrS- ^^oj ^ ^-71 ofl^Bl #J£-f #£.S ^1^^* ^Alf-O. 

S.^ #7] 7lt <?_H1 <*d«!3 oj^og^ ^^jBl# ^#SKr #31; 

(h) #71 o\]v]K] ^Hl ^}5U^r #71 ^^M: ^Zl-t!: ^ <^H£l #Bl^ 

sl^* #^*>^ ^h^H ^l^lBll- ^*Rr #31; 
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(i) #7] afll <£^<*IH # 7 ] SiGe 3fl^*M ^*}-JI ( <=>)^ 

^*H1 -#7} z\)2 ^ofl^ ^-71 SiGe TflolH iLI -fe^el^g: aflE^^H 

(j) ^"71 °\] u] E| , tiflo]^ TflolB^ ^ofl >i2|H^-i- tg^isV cf^-, oj^oj^. 

BiCMOS ^l2:«o v ^ . 
6] 

*11 5 %H1 £M*1, # 7 ] ( a ) #711 

A oM <3^£l 71^ ol^og^ nfl# ^BflE^^ ^^1; 

#71 Sg^f^ ^ egot o^o} u.jg.ofl ^t^E)^ ^ ; ^ 

#71 afll <3*H ^ti^^Ei *g^*Hr ^-7fl# E-l S^H^ ^lO S 

BiCMOS ^lS y J-^ . 
7] 

^ 5 %H1 #71 SiGe tiflol^g^g. nflofl^ l-^#ol H^Sl^l 

Si^ ^l^A^i ^<H1 SiGefs ^^°) SiGef^ ^Hl^- ^*Rr 

^ -l^io.^. £>^r BiCMOS ^wj-^ . 
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8] 

*D 5 *<M1 &<H>H, (C) £?W ^71 #3^^ #BJ-Z^> 917} Sj-*J- 7l# & 

*KPECVD)J15. ^^*>ul 3\-n 7]7^m <£v}3_ 7}^ ^ f^AS S}^ BiCMOS 

9] 

#7l #3^ ^S. #7l oflr-lEi nfl^Kr #3^3^}-* ^ 

tHI^ #7l t-B^Bl^bg- ^71^ ^^11- 3L^-*Hr ^ ^ BiCMOS aflS 

10] 

5 #7l (c) #3HH ^7} *£<$.^^ #7l SiGe *1H^ 

2fll ^ev, ^Sj-^ 1 - ^ *H2 #SKM- 3#*H ^*Hr f^AS. ^ BiCMOS »1 

111 

^1 10 %H1 &<>H, #7l (d) #7lHH #71 ^nl-S. ^ #71 ^2 ^Sj-nV 
^ #71 ^D]Ei -^JE-f » <8#*Rr ^A5L ^ BiCMOS ^1S« 0 >^. 
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12] 

Xl 11 ^Hl 5a°H, #7l (g) ^XH*!^ ^€ XI 2 ^Sj-^M: *M 

#7l 4MB] -^JE-^- °H a o V 7 ] ^sKKg. ^ZJ-^ * a o V 7 1 ^EM^ o]^oj^ g 

^^Rr 3* *}^r BiCMOS Xl2^ . 

13] 

XI 5 %H1 Sl^H, 4 v 7l (j) oi* # 7 i 7lt flofl ^3*M 
= ♦ 3E.^-*Hz- i B -!^t *§^*Rt #X]» d) Sf-*Kr 3J-§- ^gilS BiCMOS Xl 

14] 

tiflol^ ^ oflnlE^S. ^€ H>°l#e} H€*1^7> ^€ XI 1 <3 ^ 4 Xl 
°1H ^ ^^-^/-E-efl^lA^ *1S.^(CM0S) ^^)^7} XI 2 S# 

*>fe- BiCMOS Xl2: y o v, fcMl 5a°H, 

(a) #7l XI 1 ^^4- XI 2 3H1 XMH'4+3^3|- 711 °1B iLJ: f-el^el-g-^-g- 

(b) ^71 XI 1 <^]^Ei7> 7flo]B pi! ol 

— ^zj-#°.3.*| ^#Al57} uf-^ SiGe «1M^## ^1^^^ ^#*Rr ^ 

XI; 

(c) ^-71 SiGe wfl<X^ 35. XI 1 ^rS}-^-, m l-Bl^^ ^ 
X]3 ^bv* ^Ho.S. ^-71 XI 3 ^£M7l*r ^-Xl; 
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(d) #7l *}\ <3^H #7l m l-e1^e|€-^- £ *ll2 #5}-^ #zv*H 

* , #7l ^l^Bl o>ofl ^-71 ^13 

^rfl^^- *§#*Hfr 

(e) #71 ^13 #5^# ^7\& cf-§., # 7 1 cH l-S^Sl^ sfllis] ^<Hl cH 

^#*Rr ^711; 

(f) #7l #Bj^E|^ C]P1 ^H^-i" ol^^oi p }a 3£ ol-g-^}- o]^- 
^1*}^ #7] SiGe <^l^E^ofl s>]o]^ uflolii- t§#*Hr ^Tfl; 

(g) #71 -MM*}, tfv] #sl^sl^ #sl^el^-^ ^7^ x}£-, 
WAtt #71 all 2 #5}^ ^ *H #71 £3?-^* ^n*>31, Sa^r # 
7] *fl2 #3^4 ^S^-g- ^l-^^o] § H ^-71 oflnlB] -gH-f ol^og 

# ^ai^-o.^m) #7l 7^ <LH1 ^3 °l£r^3 ^#*Hr ^1; 

(h) #71 ^ oli=. ^fl2 #5^3}- #71 o]HEi AV3rj.nV.g- Al 7 ^ 

<=f£- #71 SiGe 5)2. #Bl^Bl^ f^-ji, #71 

^ #71 SflE^*>^ ^l^Ell- ^#*Kr CI- 7,1; 

(i) #71 ^^oflA-l Aj-7] SiGe Hflol^^ TflolH il #5^5l-g-§- 4*H^*> 

^ uflolii- ^sl-ji, oisq- ^aHI #71 ^2 ^^HH #71 SiGe wlH^sl- ?\}o]^ ^ 
5L #el^el^# 3flEi^*l-^ TllolBl- ^§#*Hr #711; ^ 

(j) #71 oflnlE^ Hflol^ ^ TflolHSl ^ofl ^sHM*!* t}-g-, ol^-ogo. 

4ll*l*M #71 A]2 <$<*o]} i^i/nello]t *§#*Rr ^TTlll- i^Rr 3* ^'A^ 

*}tt BiCMOS *)lS«o v, 3. 
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[$^* 15] 

*H 14 *<H1 &<>H, ^7] (a) #31 *H1 

^-71 nfl# *H ^§AE-1#1- ofl^^ A^VAl^l^ #31 I 

^-7] ^1 <$<*°\) A^^UjEi #3l» Cl 5£f"*>^ ?J-g- 

^ BiCMOS *flS«J-^ . 
[^H- 16] 

*H 14 %H1 $a°H, A oM SiGe «lH^§-& m^l^r 5L^£]*1 ^ 

Sif-fc 3]o\) SiGe^, l-^l-o] SiGe#* 

?A^r f^os BiCMOS ^lS u o >1 ^ . 

[^^J- 17] 

14 %H1 5U°H, -S-71 (c) #31 4| >H #7l 7^3 -a-^-^ l"^*} *]7> Sj-Sj- 71 
^^S. ^*>al W 71 Tfl^ <&*}S. ^^Al7l^ J^S^-S BiCMOS 31 

[$^* 18] 

31 14 ^1 5A°H, ^71 C^B] #El^El^ 3fl^# ^*Rr #31b, 

^71 313 ^S. ^"71 oflulEl ^£4-* ^ll^Kr #e)^^-8; ^ 

^*Kr #31; ^ 
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^Ml ^ ^-71 ^7]^ ^7fl# i^-sRr If-^O-S. <5>^r BiCMOS 

19] 

14 5^*1, #71 (j) #7fl o]^ ^71 7l# o^ofl ^-i- ^3j-«H ^e|A>o] 

= * S.Qis}±r *§s§i5}±; 3 7 ASr s^AS *>tt BiCMOS ^1 
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